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57) ABSTRACT 

The present invention provides nucleotide and amino acid 
sequences that identify and encode a new cathepsin C 
homolog (RCP) expressed in THP-1 cells. The present 
invention also provides for antisense molecules to the nucle 
otide sequences which encode RCP expression vectors for 
the production of purified RCP, antibodies capable of bind 
ing specifically to RCP, hybridization probes or oligonucle 
otides for the detection of RCP-encoding nucleotide 
sequences, genetically engineered host cells for the expres 
sion of RCP, diagnostic tests for activation of monocyte/ 
macrophages based on RCP-encoding nucleic acid 
molecules, and use of the protein to produce antibodies 
capable of binding specifically to the protein and use of the 
protein to screen for inhibitors. 

5 Claims, 6 Drawing Sheets 
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5' ATG GGT GCT GGG CCC TCC TTG CTG CTC GCC GCC CTC CTG CTG CTT CTC TCC GGC 
Met Gly Ala Gly Pro Ser Leu Leu Leu Ala Ala Leu Leu Leu Leu Leu Ser Gly 

63 72 81 90 99 108 
GAC GGC GCC GTG CGC TGC GAC ACA CCT GCC AAC TGC ACC TAT. CTT GAC CTG CTG 
Asp Gly Ala Val Arg CyS Asp Thr Pro Ala ASn Cys Thr Tyr Leu Asp Leu Leu 

117 126 135 144 153 162 
GGC ACC TGG GTC TTC CAG GTG GGC. TCC AGC GGT TCC CAG CGC GAT GTC AAC TGC 
Gly Thr Trp Val Phe Gln Val Gly Ser Ser Gly Ser Gln Arg Asp Val Asn Cys 

171 180 189 198 2O7 26 
TCG GTT ATG GGA CCA CAA GAA AAA AAA GTA GTG GTG TAC CTT CAG AAG CTG GAT 
Ser Val Met Gly Pro Gln Glu Lys Lys Val Val Val Tyr Leu Gln Lys Leu Asp 

225 234 243 
ACA GCA TAT GAT GAC CTT GGC AAT TCT 
Thr Ala Tyr Asp Asp Leu Gly ASn Ser 

252 261 270 
GGC CAT TTC ACC ATC ATT TAC AAC CAA 
Gly His Phe Thr Ile Ile Tyr Asn Gln 

279 288 297 306 315 324 
GGC TTT GAG ATT GTG TTGAAT GAC TAC 
Gly Phe Glu Ile Val Leu Asn Asp Tyr 

333 342 351 
GAA GAG GGC AGC AAG GTG ACC ACT TAC 
Glu Gu Gly Ser Lys Val Thr Thr Tyr 

AAG TGG TTT GCC TTT TTT AAG TAT AAA 
Lys Trp Phe Ala Phe Phe Lys Tyr Lys 

360 369 378 
TGC AAC GAG ACA ATG ACT GGG TGG GTG 
Cys Asn Glu Thr Met Thr Gly Trp Val 

387 396 405 414 423 432 
CAT GAT GTG TTG GGC CGG AAC TGG GCT TGT TTC ACC GGA AAG AAG GTG GGA ACT 
His Asp Val Leu Gly Arg Asn Trp Ala Cys Phe Thr Gly Lys Lys Val Gly Thr 

441 450 459 468 477 486 
GCC TCT GAG AAT GTG TAT GTC AAC ACA GCA CAC CTT AAG AAT TCT CAG GAA AAG 
Ala Ser Glu ASn Val Tyr Val ASn Thr Ala His Leu Lys Asn Ser Gln Glu LyS 

495 504 513 522 531 540 
TAT TCT AAT AGG CTC TAC AAG TAT GAT CAC AAC TTT GTG AAA GCT ATC AAT GCC 
Tyr Ser Asn Arg Leu Tyr Lys Tyr Asp His Asn Phe Val Lys Ala Ile ASn Ala 

549 558 567 576 585 594 
ATT CAG AAG TCT TGG ACT GCA ACT ACA TAC ATG GAA TAT GAG ACT CTT ACC CTG 
Ile Gin Lys Ser Trp Thr Ala Thr Thr Tyr Met Glu Tyr Glu Thr Leu Thr Leu 

603 61.2 621 630 639 648 
GGA GAT ATG ATT AGG AGA AGT GGT GGC CAC AGT CGA AAA ATC CCA AGG CCC AAA 
Gly Asp Met Ile Arg Arg Ser Gly Gly His Ser Arg Lys Ile Pro Arg Pro Lys 

657 666 675 684 693 702 
CCT GCA CCA CTG ACT GCT GAA ATA CAG CAA AAG ATT TTG CAT TTG CCA ACA TCT 
Pro Ala Pro Leu Thr Ala Glu Ile Gln Gln Lys Ile Leu His Leu Pro Thr Ser 

FIG. A 
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711 720 729 738 747 756 
TGG GAC TGG AGA AAT GTT CAT GGT ATC AAT TTT GTC AGT CCT GTT CGA AAC CAA 
Trp Asp Trp Arg ASn Val His Gly Ile ASn Phe Val Ser Pro Val Arg ASn Gin 

765 774 783 792 80 810 
GCA TCC TGT GGC AGC TGC TAC TCA TTT GCT TOT ATG GGT ATG CTA GAA GCG AGA 
Ala Ser Cys Gly Ser Cys Tyr Ser Phe Ala Ser Met Gly Met Leu Glu Ala Arg 

819 828 837 846 855 864 
ATC CGT ATA CTA ACC AAC AAT TCT CAG ACC CCA ATC CTA AGC CCT CAG GAG GT 
Ile Arg Ile Leu Thr ASn ASn Ser Gln Thr Pro Ile Leu Ser Pro Gln Glu Val 

873 882 891. 900 909 918 
GTG TCT TGT AGC CAG TAT GCT CAA GGC TGT GAA GGC GGC TTC CCA TAC CTT ATT 
Val Ser Cys Ser Gln Tyr Ala Gln Gly Cys Glu Gly Gly Phe Pro Tyr Leu Ile 

927 936 945 954 963 972 
GCA GGA AAG TAC GCC CAA GAT TTT GGG CTG GTG GAA GAA GCT TGC TTC CCC TAC 
Ala Gly Lys Tyr Ala Gln Asp Phe Gly Leu Val Glu Glu Ala Cys Phe Pro Tyr 

981 990 999 1008 101.7 1026 
ACA GGC ACT GAT TCT CCA TGC AAA ATG AAG GAA GAC TGC TTT CGT TAT TAC TCC 
Thr Gly Thr Asp Ser Pro Cys Lys Met Lys Glu Asp Cys Phe Arg Tyr Tyr Ser 

1035 1044 1053 1062 1071. 1080 
TCT GAG TAC CAC TAT GTA GGA GGTTTC TAT GGA GGC TGC AAT GAA GCC CTG ATG 
Ser Glu Tyr His Tyr Val Gly Gly Phe Tyr Gly Gly CyS ASn Glu Ala Leu Met 

1089 1098 1107 1116 1125 1134 
AAG CTT GAG TTG GTC CAT CAT GGG CCC ATG GCA GTT GCT TTT GAA GTA TAT GAT 
Lys Leu Gu Leu Val His His Gly Pro Met Ala Val Ala Phe Glu Val Tyr Asp 

1143 1152 1161. 1170 1179 1.188 
GAC TTC CTC CAC TAC AAA AAG GGG ATC TAC CAC CAC ACT GGT CTA AGA GAC CCT 
Asp Phe Leu His Tyr Lys Lys Gly Ile Tyr His His Thr Gly Leu Arg Asp Pro 

1197 1206 1215 1224 1233 1242 
TTC AAC CCC TTT GAG CTG ACT AAT CAT GCT GTT CTG CTT GTG GGC TAT GGC ACT 
Phe ASn Pro Phe Glu Leu Thr Asn His Ala Val Leu Leu Val Giy Tyr Gly Thr 

1251 1260 1269 1278 1287 1296 
GAC TCA GCC TCT GGG ATG GAT TAC TGG ATT GTT AAA AAC AGC TGG GGC ACC GGC 
Asp Ser Ala Ser Gly Met Asp Tyr Trp Ile Val Lys Asn Ser Trp Gly Thr Gly 

1305 1314 1323 1332 1341 1350 
TGG GGT GAG AAT GGC TAC TTC CGG ATC CGC AGA GGA ACT GAT GAG TGT GCA ATT 
Trp Gly Glu ASn Gly Tyr Phe Arg Ile Arg Arg Gly Thr Asp Glu CyS Ala Ile 

1359 1368 1377 1386 
GAG AGC ATA GCA GTG GCA GCC ACA CCA ATT CCT AAA TTG 3' 
Glu Ser Ile Ala Val Ala Ala Thr Pro Ile Pro Lys Leu 

FIG. B 
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1. 

CATHEPSN C HOMOLOG 
FIELD OF THE INVENTION 

The present invention is in the field of molecular biology; 
more particularly, the presentinvention describes the nucleic 
acid and amino acid sequences of a novel cathepsin C 
homolog derived from activated THP-1 cells. 

BACKGROUND OF THE INVENTION 
THP-1. Cels 
THP-1 is a human leukemic cell line with distinct mono 

cytic characteristics derived from the blood of a 1-year-old 
boy with acute monocytic leukemia (Tsuchiya Setal (1980) 
IntJ Cancer 26:171-176). The monocytic nature of THP-1 
was established using the following cytological and 
cytochemical criteria: 1) a-naphthylbutyrate esterase activ 
ity which could be inhibited by NaF (sodium fluoride), 2) 
production of lysozyme, 3) phagocytosis (the engulfing of 
extracellular materials) of latex particles and sensitized 
sheep red blood cells, and 4) ability of mitomycin C-treated 
THP-1 cells to activate T-lymphocytes following con 
canavalin Atreatment. Morphologically, the cytoplasm con 
tained Small azurophilic granules, the nucleus was indented 
and irregularly shaped with deep folds, and the cell mem 
brane had Fc and C3b receptors which probably function in 
phagocytosis. 

Typical monocytes develop from monoblasts through 
promonocytes in the bone marrow and in their mature form 
have a half-life of approximately three days. Roughly 75% 
of the circulating monocyte pool is found along the walls of 
blood vessels although these cells randomly migrate into 
tissues and become antigen-presenting or phagocytic. 
Antigen-presenting monocytes include interdigitating 
reticular and follicular dendritic cells of the lymph nodes 
and skin. Phagocytic monocytes are prominent as Kupffer 
cells of the liver and in the lung alveoli and bone marrow. 
Whereas precursor monocytes are rich in azurophilic, 

peroxidase-containing cytoplasmic granules, macrophages 
have more numerous cell surface receptors by which they 
monitor their environment. These include receptors for 
immunoglobulin, complement, growth factors, lipoproteins, 
peptides and polysaccharides. Binding of ligands to these 
receptors triggers macrophage proliferation, chemotaxis, 
secretion and phagocytosis. 
Many human myeloid and myelomonocytic cell lines 

retain some ability to differentiate into more mature pheno 
types in response to various internal stimuli including 
growth factors, lymphokines, cytokines, vitamin D 
derivatives, and tumor promoters and external agents such 
as trauma, Smoking, UV irradiation, asbestos exposure, and 
steroids. THP-1 cells treated with the tumor promoter 12-O- 
tetradecanoyl-phorbol-13 acetate (TPA) are induced to stop 
proliferating and differentiate into macrophage-like cells 
which mimic native monocyte-derived macrophages both 
morphologically and physiologically. 
These monocyte/macrophage-like cells exhibit changes in 

gene expression such as the coinduction of C-fos, c-jun and 
the down-regulation of c-myb (Auwerx, J. (1991) Experi 
entia 47:22–31), increase in density of the complement C3b 
receptor, and decrease in both FcR and the adhesion 
molecule, CD4. In addition,THP-1 cells produce lipoprotein 
lipase and apolipoprotein E, associated with atherosclerotic 
lesions, secrete several proinflammatory cytokines, includ 
ing IL-1B and TNF (Cochran FR and Finch-Arietta MB 
(1989) Agents and Actions 27:271-273), and may elaborate 
powerful oxidants and tissue destroying proteases, such as 
the cathepsins. 
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2 
A new human cysteine protease, a cathepsin C homolog 

(Incyte Clone 14284), has been identified among the 
up-regulated genes from activated THP-1 cells. It is an 
acidic, lysosomal dipeptidyl aminopeptidase and has 79.3% 
amino acid sequence identity with rat cathepsin Cisolated as 
a rat kidney cDNA (Kominami E et al. (1992) Biol Chem 
373:367-73). Incyte 14284 has the conserved residues-cys 
at 258, his at 405, and asn at 427-of the catalytic triad and 
the NNS glycosylation site in the hydrophobic region which 
are common to the cysteine proteases. 

Kominami et al (supra) reported the presence of rat 
cathepsin C mRNA in almost all rat tissues. Large amounts 
of transcript were prevalent in liver, spleen, small and large 
intestine, lung and kidney, moderate amounts in esophagus, 
stomach, and heart, and small amounts in brain, pancreas, 
adrenal gland and testis. Transcript prevalence appears to 
correlate with the expected presence and activity of 
monocyte/macrophages in normal tissue function. 

Cultured macrophages have been used to study the pro 
cessing of cathepsin C from its synthesis as a propeptide to 
the mature oligomeric enzyme. Both precursor and mature 
cathepsin C are phosphorylated and glycosylated, and it 
appears that oligomerization occurs prior to entry into the 
lysosome (Muno, D. et al. (1993) Arch Biochem Biophy 
306:103-10). In studies utilizing synthetic substrates, cathe 
psin C was shown to function as an endopeptidase in 
intracellular protein degradation and as an exopeptidase 
(dipeptidyl aminopeptidase) in cell growth and neuramini 
dase activation (Kuribayashi Met al (1993) J Biochem 
113:441-49). 

In the normal synovium, monocytes give rise to osteo 
clasts which are giant, multi-nuclear cells (Tezuka K-Ietal. 
1994J Biol Chem269: 1106-1109) which attach to the bone 
surface. These cells produce an acidic microenvironment in 
which minerals and organic components of the bone matrix 
are solubilized. Adult bone mass generally remains constant 
because the rates of bone deposition and absorption are 
equal; however, in rheumatoid arthritis, the number and 
activity of osteoclasts increase under the influence of growth 
factors and tumor promoters. Among other hydrolases, 
osteoclasts produce cathepsin C which plays a role in 
degrading collagen, laminin, elastin and other structural 
proteins which comprise the extracellular matrix of the 
bones. Once the bone is weakened, it is even more suscep 
tible to bone resorption, tumor invasion and metastasis. 

Rheumatoid arthritis is just one example of a monocyte/ 
macrophage disorder; in others, macrophages participate in 
other ways. For example, in arteriosclerosis, macrophages 
accumulate cholesterol from blood lipoproteins and become 
the foam cells of human atherosclerotic lesions. Renegade 
activated monocytes have also been implicated in defective 
defense against infection, bowel damage, osteoporosis, toxic 
shock syndrome, and systemic lupus erythematosus. 

SUMMARY OF THE INVENTION 

The subject invention provides a unique nucleotide 
sequence which encodes a novel human cathepsin C 
homolog, also known as rcp. The new gene, which was 
identified within Incyte Clone 14284, encodes RCP 
polypeptide, and represents a new human cysteine protease. 
The invention also comprises diagnostic tests for physi 

ologic or pathologic activity of activated monocytes or 
macrophages which include the steps of testing a sample or 
an extract thereof with rcp DNA, fragments or oligomers 
thereof. Further aspects of the invention include the anti 
sense DNA of rcp; cloning or expression vectors containing 
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rcp; host cells or organisms transformed with expression 
vectors containing rcp; a method for the production and 
recovery of purified RCP polypeptide from host cells; puri 
fied RCP polypeptide; antibodies and inhibitors to RCP, and 
pharmacological compounds using RCP antibodies. 

DESCRIPTION OF THE FIGURES 
FIGS. 1A and 1B display the nucleotide sequence for rcp 

and the predicted amino acid sequence of RCP polypeptide. 
FIGS. 2A and 2B show the amino acid alignment of RCP 

with rat cathepsin C. Alignments shown were produced 
using the multisequence alignment program of DNASTAR 
software (DNASTAR Inc, Madison Wis.). 
FIG. 3 displays an analysis of RCPhydrophobicity based 

on the predicted acid amino sequence and composition. 
DEALED DESCRIPTION OF THE 

INVENTION 
Definitions 
As used herein, human cathepsin C refers to an RCP 

polypeptide, naturally occurring RCP polypeptide, or active 
fragments thereof, which are encoded by mRNAs tran 
scribed from the cDNA of SEQID No:1. 

“Active” refers to those forms of RCP which retain 
biologic and/or immunologic activities of any naturally 
occurring RCP. 

“Naturally occurring RCP" refers to RCP produced by 
human cells that have not been genetically engineered and 
specifically contemplates various RCPs arising from post 
translational modifications of the polypeptide including but 
not limited to acetylation, carboxylation, glycosylation, 
phosphorylation, lipidation and acylation. 

“Derivative" refers to polypeptides derived from naturally 
occurring RCP by chemical modifications such as 
ubiquitination, labeling (e.g., with radionuclides, various 
enzymes, etc.), pegylation (derivatization with polyethylene 
glycol), or by insertion (or substitution by chemical 
synthesis) of amino acids (aa) such as ornithine, which do 
not normally occur in human proteins. 
"Recombinant variant” refers to any polypeptide differing 

from naturally occurring RCP by amino acid insertions, 
deletions, and substitutions, created using recombinant DNA 
techniques. Guidance in determining which amino acid 
residues may be replaced, added or deleted without abol 
ishing activities of interest, such as cell adhesion and 
chemotaxis, may be found by comparing the sequence of the 
particular RCP with that of homologous cathepsins and 
minimizing the number of amino acid sequence changes 
made in regions of high homology. 

Preferably, amino acid “substitutions” are the result of 
replacing one amino acid with another aa having similar 
structural and/or chemical properties, such as the replace 
ment of a leucine with an isoleucine or valine, an aspartate 
with a glutamate, or a threonine with a serine, i.e., conser 
vative amino acid replacements. “Insertions” or "deletions” 
are typically in the range of about 1 to 5 amino acid. The 
variation allowed may be experimentally determined by 
systematically making insertions, deletions, or substitutions 
of amino acid in an RCP molecule using recombinant DNA 
techniques and assaying the resulting recombinant variants 
for activity. 
Where desired, a “signal or leader sequence” can direct 

the polypeptide through the membrane of a cell. Such a 
sequence may be naturally present on the polypeptides of the 
present invention or provided from heterologous protein 
sources by recombinant DNA techniques. 
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A polypeptide "fragment,” “portion,” or “segment" is a 

stretch of amino acid residues of at least about 5 amino acid, 
often at least about 7 amino acid, typically at least about 9 
to 13 amino acid, and, in various embodiments, at least 
about 17 or more amino acid. To be active, any RCP 
polypeptide must have sufficient length to display biologic 
and/or immunologic activity on their own or when conju 
gated to a carrier protein such as keyhole limpet hemocya 

An "oligonucleotide" or polynucleotide "fragment,” 
"portion,” or “segment” is a stretch of nucleotide residues 
which is long enough to use in polymerase chain reaction 
(PCR) or various hybridization procedures to amplify or 
simply reveal related parts of mRNA or DNA molecules. 
One or both oligonucleotide probes will comprise sequence 
that is identical or complementary to a portion of rop where 
there is little or no identity or complementarity with any 
known or prior art molecule. The oligonucleotide probes 
will generally comprise between about 10 nucleotides and 
50 nucleotides, and preferably between about 15 nucleotides 
and about 30 nucleotides. 

“Activated monocytes” as used herein refers to the 
activated, mature monocytes or macrophages found in 
immunologically active tissues. 

Monocyte/macrophage disorders” include but are not 
limited to arteriosclerosis, leukemia, systemic lupus 
erythematosus, osteoporosis, rheumatoid arthritis, and toxic 
shock syndrome. 

"Animal" as used herein may be defined to include 
human, domestic or agricultural (cats, dogs, cows, sheep, 
etc) or test species (mouse, rat, rabbit, etc). 
The present invention includes purified RCP polypeptides 

from natural or recombinant sources, cells transformed with 
recombinant nucleic acid molecules encoding RCP. Various 
methods for the isolation of the RCP polypeptides may be 
accomplished by procedures well known in the art. For 
example, such polypeptides may be purified by immunoaf 
finity chromatography by employing the antibodies pro 
vided by the present invention. Various other methods of 
protein purification well known in the art include those 
described in Deutscher, M. (1990) Methods in Enzymology, 
Vol 182, Academic Press, San Diego Calif.; and Scopes R 
(1982) Protein Purification: Principles and Practice. 
Springer-Verlag, New York City, both incorporated herein 
by reference. 

"Recombinant" may also refer to a polynucleotide which 
encodes RCP and is prepared using recombinant DNA 
techniques. The DNAs which encode RCP may also include 
allelic or recombinant variants and mutants thereof. 

"Nucleic acid probes" are prepared based on the cDNA 
sequences which encode RCP provided by the present 
invention. Nucleic acid probes comprise portions of the 
sequence having fewer nucleotides than about 6 kb, usually 
fewer than about 1 kb. After appropriate testing to eliminate 
false positives, these probes may be used to determine 
whether mRNAs encoding RCP are presentin a cellor tissue 
or to isolate similar nucleic acid sequences from chromo 
somal DNA extracted from such cells or tissues as described 
by Walsh, P. S. etal (1992, PCRMethods Appl. 1:241-250). 

Probes may be derived from naturally occurring or recom 
binant single- or double-stranded nucleic acids or be chemi 
cally synthesized. They may be labeled by nick translation, 
Klenow fill-in reaction, PCR or other methods well known 
in the art. Probes of the present invention, their preparation 
and/or labeling are elaborated in Sambrook, J. et al. (1989) 
Molecular Cloning: A Laboratory Manual, Cold Spring 
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Harbor Laboratory, Cold Spring Harbor N.Y.; or Ausubel, F. 
M. et al (1989) Current Protocols in Molecular Biology, 
John Wiley & Sons, New York City, both incorporated 
herein by reference. 

Alternatively, recombinant variants encoding these same 
or similar polypeptides may be synthesized or selected by 
making use of the "redundancy” in the genetic code. Various 
codon Substitutions, such as the silent changes which pro 
duce various restriction sites, may be introduced to optimize 
cloning into a plasmid or viral vector or expression in a 
particular prokaryotic or eukaryotic system. Mutations may 
also be introduced to modify the properties of the 
polypeptide, including but not limited to ligand-binding 
affinities, interchain affinities, or polypeptide degradation or 
turnover rate. One example involves inserting a stop codon 
into the nucleotide sequence to limit the size of RCP so as 
to provide a binding, non-activating ligand of smaller 
molecular weight which would serve to block the activity of 
the natural cathepsin C. 

DETALED DESCRIPTION OF THE 
INVENTION 

The present invention provides a nucleotide sequence 
found within Incyte 14284 uniquely identifying a new, 
human cathepsin C (RCP) of the cysteine protease family 
which is highly expressed in THP-1 cells. Because RCP is 
specifically expressed in activated monocytes, the nucleic 
acids (rcp), polypeptides (RCP) and antibodies to RCP are 
useful in diagnostic assays based on production of cathepsin 
Cin cases of inflammation or disease. Excessive expression 
of RCP may lead to tissue damage or destruction. Therefore, 
a diagnostic test for RCP can accelerate diagnosis and proper 
treatment of monocyte/macrophage disorders including 
arteriosclerosis, leukemia, systemic lupus erythematosus, 
osteoporosis, rheumatoid arthritis, toxic shock syndrome 
and similar physiologic/pathologic problems. 
The nucleotide sequences encoding RCP (or their 

complement) have numerous applications in techniques 
known to those skilled in the art of molecular biology. These 
techniques include use as hybridization probes, use in the 
construction of oligomers for PCR, use for chromosome and 
gene mapping, use in the recombinant production of RCP, 
and use in generation of anti-sense DNA or RNA, their 
chemical analogs and the like. Uses of nucleotides encoding 
RCP disclosed herein are exemplary of known techniques 
and are not intended to limit their use in any technique 
known to a person of ordinary skill in the art. Furthermore, 
the nucleotide sequences disclosed herein may be used in 
molecular biology techniques that have not yet been 
developed, provided the new techniques rely on properties 
of nucleotide sequences that are currently known, e.g., the 
triplet genetic code, specific base pair interactions, etc. 

It will be appreciated by those skilled in the art that as a 
result of the degeneracy of the genetic code, a multitude of 
RCP-encoding nucleotide sequences, some bearing minimal 
homology to the nucleotide sequence of any known and 
naturally occurring gene may be produced. The invention 
has specifically contemplated each and every possible varia 
tion of nucleotide sequence that could be made by selecting 
combinations based on possible codon choices. These com 
binations are made in accordance with the standard triplet 
genetic code as applied to the nucleotide sequence of 
naturally occurring rcp, and all such variations are to be 
considered as being specifically disclosed. 
Although the nucleotide sequences which encode RCP 

and/or its variants are preferably capable of hybridizing to 
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6 
the nucleotide sequence of the naturally occurring rcp under 
stringent conditions, it may be advantageous to produce 
nucleotide sequences encoding RCP or its derivatives pos 
sessing a substantially different codon usage. Codons can be 
selected to increase the rate at which expression of the 
peptide occurs in a particular prokaryotic or eukaryotic 
expression host in accordance with the frequency with 
which particular codons are utilized by the host. Other 
reasons for substantially altering the nucleotide sequence 
encoding RCP and/or its derivatives without altering the 
encoded amino acid sequence include the production of 
RNA transcripts having more desirable properties, such as a 
greater half-life, than transcripts produced from the naturally 
occurring sequence. 

Nucleotide sequences encoding RCP may be joined to a 
variety of other nucleotide sequences by means of well 
established recombinant DNA techniques (cf Sambrook, J. 
et al. Supra). Useful nucleotide sequences for joining to rcp 
include an assortment of cloning vectors, e.g., plasmids, 
cosmids, lambda phage derivatives, phagemids, and the like, 
that are well known in the art. Vectors of interest include 
expression vectors, replication vectors, probe generation 
vectors, sequencing vectors, and the like. In general, vectors 
of interest may contain an origin of replication functional in 
at least one organism, convenient restriction endonuclease 
sensitive sites, and selectable markers for the host cell. 

Another aspect of the subject invention is to provide for 
rcp-specific nucleic acid hybridization probes capable of 
hybridizing with naturally occurring nucleotide sequences 
encoding RCP. Such probes may also be used for the 
detection of similar cathepsin C encoding sequences and 
should preferably contain at least 50% of the nucleotides 
from the conserved region or active site. The hybridization 
probes of the subject invention may be derived from the 
nucleotide sequences of the SEQID NO 1 or from genomic 
Sequences including promoters, enhancer elements and/or 
possible introns of the respective naturally occurring rcps. 
Hybridization probes may be labeled by a variety of reporter 
groups, including radionuclides such as 32P or 35S, or 
enzymatic labels such as alkaline phosphatase coupled to the 
probe via avidin/biotin coupling systems, and the like. 
PCR as described U.S. Pat. Nos. 4,683, 195; 4,800,195; 

and 4,965,188 provides additional uses for oligonucleotides 
based upon the nucleotide sequence which encodes RCP. 
Such probes used in PCR may be of recombinant origin, 
may be chemically synthesized, or a mixture of both and 
comprise a discrete nucleotide sequence for diagnostic use 
or a degenerate pool of possible sequences for identification 
of closely related genomic sequences. 

Other means of producing specific hybridization probes 
for rcp DNAs include the cloning of nucleic acid sequences 
encoding RCP or RCP derivatives into vectors for the 
production of mRNA probes. Such vectors are known in the 
art and are commercially available and may be used to 
synthesize RNA probes in vitro by means of the addition of 
the appropriate RNA polymerase as T7 or SP6 RNA poly 
merase and the appropriate radioactively labeled nucle 
otides. 

It is now possible to produce a DNA sequence, or portions 
thereof, encoding RCP and their derivatives entirely by 
synthetic chemistry, after which the gene can be inserted into 
any of the many available DNA vectors using reagents, 
vectors and cells that are known in the art at the time of the 
filing of this application. Moreover, synthetic chemistry may 
be used to introduce mutations into the rcp sequences or any 
portion thereof. 
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The nucleotide sequence can be used in an assay to detect 
inflammation or disease associated with abnormal levels of 
expression of RCP. The nucleotide sequence can be labeled 
by methods known in the art and added to a fluid or tissue 
sample from a patient under hybridizing conditions. After an 
incubation period, the sample is washed with a compatible 
fluid which optionally contains a dye (or other label requir 
ing a developer) if the nucleotide has been labeled with an 
enzyme. After the compatible fluid is rinsed off, the dye is 
quantitated and compared with a standard. If the amount of 
dye is significantly elevated, the nucleotide sequence has 
hybridized with the sample, and the assay indicates the 
presence of inflammation and/or disease. 
The nucleotide sequence for rcp can be used to construct 

hybridization probes for mapping that gene. The nucleotide 
sequence provided herein may be mapped to a particular 
chromosome or to specific regions of that chromosome 
using well known genetic and/or chromosomal mapping 
techniques. These techniques include in situ hybridization, 
linkage analysis against known chromosomal markers, 
hybridization screening with libraries, flow-sorted chromo 
somal preparations, or artificial chromosome constructions 
YAC or P1 constructions. The technique of fluorescent in 
situ hybridization of chromosome spreads has been 
described, among other places, in Vermaetal (1988) Human 
Chromosomes: A Manual of Basic Techniques, Pergamon 
Press, New York City. 

Fluorescent in situ hybridization of chromosomal prepa 
rations and other physical chromosome mapping techniques 
may be correlated with additional genetic map data. 
Examples of genetic map data can be found in the 1994 
Genome Issue of Science (265:1981f). Correlation between 
the location of rcp on a physical chromosomal map and a 
specific disease (or predisposition to a specific disease) can 
help delimit the region of DNA associated with that genetic 
disease. The nucleotide sequence of the subject invention 
may be used to detect differences in gene sequence between 
normal and carrier or affected individuals. 

Nucleotide sequences encoding RCP may be used to 
produce purified RCP using well known methods of recom 
binant DNA technology. Among the many publications that 
teach methods for the expression of genes after they have 
been isolated is Goeddel (1990) Gene Expression 
Technology, Methods and Enzymology, Vol 185, Academic 
Press, San Diego Calif. RCP may be expressed in a variety 
of host cells, either prokaryotic or eukaryotic. Host cells 
may be from the same species in which rcp nucleotide 
sequences are endogenous or from a different species. 
Advantages of producing RCP by recombinant DNA tech 
nology include obtaining adequate amounts of the protein 
for purification and the availability of simplified purification 
procedures. 

Cells transformed with DNA encoding RCP may be 
cultured under conditions suitable for the expression of 
cathepsin Cand recovery of the protein from the cell culture. 
RCP produced by a recombinant cell may be secreted or may 
be contained intracellularly, depending on the RCP sequence 
and the genetic construction used. In general, it is more 
convenient to prepare recombinant proteins in secreted 
form. Purification steps vary with the production process 
and the particular protein produced. 

In addition to recombinant production, fragments of RCP 
may be produced by direct peptide synthesis using solid 
phase techniques (cf Stewart et al. (1969) Solid-Phase Pep 
tide Synthesis, W. H. Freeman Co., San Francisco Calif.; 
Merrifield.J. (1963) JAm ChemSoc. 85:2149-2154). In vitro 
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8 
protein synthesis may be performed using manual tech 
niques or by automation. Automated synthesis may be 
achieved, for example, using Applied Biosystems 431A 
Peptide Synthesizer (Foster City, California Calif.) in accor 
dance with the instructions provided by the manufacturer. 
Various fragments of RCP may be chemically synthesized 
separately and combined using chemical methods to produce 
the full length molecule. 
RCP for antibody induction does not require biological 

activity; however, the protein must be immunogenic. Pep 
tides used to induce specific antibodies may have an amino 
acid sequence consisting of at least five amino acid, pref 
erably at least 10 amino acid. They should mimic a portion 
of the amino acid sequence of the protein and may contain 
the entire amino acid sequence of a small naturally occurring 
molecule such as RCP. Short stretches of RCP amino acid 
may be fused with those of another protein such as keyhole 
limpet hemocyanin and the chimeric molecule used for 
antibody production. 

Antibodies specific for RCP may be produced by inocu 
lation of an appropriate animal with the polypeptide or an 
antigenic fragment. An antibody is specific for RCP if it is 
produced against an epitope of the polypeptide and binds to 
at least part of the natural or recombinant protein. Antibody 
production includes not only the stimulation of an immune 
response by injection into animals, but also analogous steps 
in the production of synthetic antibodies or other specific 
binding molecules such as the screening of recombinant 
immunoglobulin libraries (cf Orlandi, R et al. (1989) PNAS 
86:3833-3837, or Huse, W. D. et al (1989) Science 
256:1275-1281) or the in vitro stimulation of lymphocyte 
populations. Current technology (Winter, G. and Milstein, 
C. (1991) Nature 349:293–299) provides for a number of 
highly specific binding reagents based on the principles of 
antibody formation. These techniques may be adapted to 
produce molecules specifically binding RCPs. 
An additional embodiment of the subject invention is the 

use of RCP specific antibodies, inhibitors, receptors or their 
analogs as bioactive agents to treat monocyte/macrophage 
disorders including arteriosclerosis, leukemia, systemic 
lupus erythematosus, osteoporosis, rheumatoid arthritis, 
toxic shock syndrome and similar physiologic/pathologic 
problems. 

Bioactive compositions comprising agonists, antagonists, 
receptors or inhibitors of RCP may be administered in a 
suitable therapeutic dose determined by any of several 
methodologies including clinical studies on mammalian 
species to determine maximal tolerable dose and on normal 
human subjects to determine safe dose. Additionally, the 
bioactive agent may be complexed with a variety of well 
established compounds or compositions which enhance sta 
bility or pharmacological properties such as half-life. It is 
contemplated that the therapeutic, bioactive composition 
may be delivered by intravenous infusion into the blood 
stream or any other effective means which could be used for 
treating problems involving RCP production and function. 
The examples below are provided to illustrate the subject 

invention. These examples are provided by way of illustra 
tion and are not included for the purpose of limiting the 
invention. 

EXAMPLES 

Isolation of mRNA and Construction of cDNA Libraries 
The rcp sequence was identified among the sequences 

comprising the human THP-1 library. THP-1 is a human 
leukemic cell line derived from the blood of a 1-year-old boy 
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with acute monocytic leukemia. Cells used for the PMA 
LPS library were cultured for 48 hours with 100 nm PMA in 
DMSO and for 4 hours with 1 g/ml LPS. The THP-1 library 
was custom constructed by Stratagene (Stratagene, 11099 
M. Torrey Pines Rd., La Jolla, Calif. 92037) essentially as 
described below. 

Stratagene prepared the cDNA library using oligo d(T) 
priming. Synthetic adapter oligonucleotides were ligated 
onto the cDNA molecules enabling them to be inserted into 
the Uni-ZAPTM vector system (Stratagene). This allowed 
high efficiency unidirectional (sense orientation) lambda 
library construction and the convenience of a plasmid sys 
tem with blue/white color selection to detect clones with 
cDNA insertions. 
The quality of the cDNA library was screened using DNA 

probes, and then, the pBluescript(3) phagemid (Stratagene) 
was excised. This phagemid allows the use of a plasmid 
system for easy insert characterization, sequencing, site 
directed mutagenesis, the creation of unidirectional dele 
tions and expression of fusion polypeptides. Subsequently, 
the custom-constructed library phage particles were infected 
into E. coli host strain XL1-Blue(s) (Stratagene). The high 
transformation efficiency of this bacterial strain increases the 
probability that the cDNA library will contain rare, under 
represented clones. Alternative unidirectional vectors might 
include, but are not limited to, pcDNAI (Invitrogen, San 
Diego Calif.) and pSHIox-1 (Novagen, Madison Wis.). 
IIIsolation of cDNA Clones 
The phagemid forms of individual cDNA clones were 

obtained by the in vivo excision process, in which XL1 
BLUE was coinfected with an f1 helper phage. Proteins 
derived from both lambda phage and f1 helper phage 
initiated new DNA synthesis from defined sequences on the 
lambda target DNA and create a smaller, single-stranded 
circular phagemid DNA molecule that includes all DNA 
sequences of the pbluescript plasmid and the cDNA insert. 
The phagemid DNA was released from the cells and 
purified, then used to re-infect fresh bacterial host cells 
(SOLR, Stratagene Inc), where the double-stranded 
phagemid DNA was produced. Because the phagenid car 
ries the gene for B-lactamase, the newly transformed bac 
teria were selected on medium containing amplicillin. 

Phagemid DNA was purified using the QAWELL-8 
Plasmid Purification System from QIAGENG) DNA Purifi 
cation System. This technique provides a rapid and reliable 
high-throughput method for lysing the bacterial cells and 
isolating highly purified phagemid DNA. The DNA eluted 
from the purification resin was suitable for DNA sequencing 
and other analytical manipulations. 
III Sequencing of cDNA Clones 
The cDNA inserts from random isolates of the THP-1 

library were sequenced in part. Methods for DNA sequenc 
ing are well known in the art. Conventional enzymatic 
methods employed DNA polymerase Klenow fragment, 
SEQUENASE(E) (US Biochemical Corp, Cleveland, Ohio) 
or Taq polymerase to extend DNA chains from an oligo 
nucleotide primer annealed to the DNA template of interest. 
Methods have been developed for the use of both single- and 
double-stranded templates. The chain termination reaction 
products were electrophoresed on urea-acrylamide gels and 
detected either by autoradiography (for radionuclide-labeled 
precursors) or by fluorescence (for fluorescent-labeled 
precursors). Recent improvements in mechanized reaction 
preparation, sequencing and analysis using the fluorescent 
detection method have permitted expansion in the number of 
sequences that can be determined per day (using machines 
such as the Catalyst 800 and the Applied Biosystems 377 or 
373 DNA sequencer). 
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IV Homology Searching of cDNA Clones and Deduced 
Proteins 

Each sequence so obtained was compared to sequences in 
GenBank using a search algorithm developed by Applied 
Biosystems Inc. and incorporated into the INHERITTM 670 
Sequence Analysis System. In this algorithm, Pattern Speci 
fication Language (developed by TRW Inc.) was used to 
determine regions of homology. The three parameters that 
determine how the sequence comparisons run were window 
size, window offset, and error tolerance. Using a combina 
tion of these three parameters, the DNA database was 
searched for sequences containing regions of homology to 
the query sequence, and the appropriate sequences were 
scored with an initial value. Subsequently, these homolo 
gous regions were examined using dot matrix homology 
plots to distinguish regions of homology from chance 
matches. Smith-Waterman alignments of the protein 
sequence were used to display the results of the homology 
search. 

After the initial identification of human cathepsin C 
among the THP-1 cDNAs, a search of the LIFESEQtM 
database determined exact matches, the presence of rcp, in 
the following Incyte Clones: 1) Incyte 73566 and 76131, 
also in the THP-1 library; 2) Incyte 41151 in the T&B cell 
library; 3) Incyte 64728, 179782, and 179982 in the placenta 
library; 4) Incyte 78671, 78964, and 80537 in the rheuma 
toid synovium library; and 5) Incyte 82721 in the human 
umbilical vein endothelial cell library. The presence of rcp 
in these tissues is consistent with its expression in tissues 
with active immunological defenses, whether normal, 
inflamed, or diseased tissues, including those previously 
defined relative to monocyte/macrophage disorders. 

Peptide and protein sequence homologies were ascer 
tained using the INHERIT 670 Sequence Analysis System in 
a way similar to that used in DNA sequence homologies. 
Pattern Specification Language and parameter windows 
were used to search protein databases for sequences con 
taining regions of homology which were scored with an 
initial value. Dot-matrix homology plots were examined to 
distinguish regions of significant homology from chance 
matches. 
The nucleotide and amino acid sequences for the entire 

coding region of the human cathepsin C homolog, RCP, 
claimed in this invention are shown in FIG. 1. 
V Identification and Full Length Sequencing of the Genes 
From all of the randomly picked and sequenced clones of 

the THP-1 library, the rcp sequence was homologous to but 
clearly different from any known cathepsin C molecule. The 
complete nucleotide sequence for rcp was translated, and the 
in-frame translation is shown in FIG. 1. When all three 
possible predicted translations of the sequence were 
searched against protein databases such as SwissProt and 
PIR, no exact matches were found to the possible transla 
tions of rcp. FIG. 2 shows the comparison of the RCP amino 
acid sequence with rat cathepsin C. The substantial regions 
of homology among these molecules which includes the 
catalytic triad residues Cass, Hos, and N2, and NNS 
glycosylation site26-27s common among the cysteine pro 
teases. Hydrophobicity plots for RCP are shown as FIG. 3. 
VI Antisense analysis 

Knowledge of the correct, complete cDNA sequence of 
the new cathepsin C gene will enable its use in antisense 
technology in the investigation of gene function. 
Oligonucleotides, genomic or cDNA fragments comprising 
the antisense strand of rcp can be used either in vitro or in 
vivo to inhibit expression of the protein. Such technology is 
now well known in the art, and probes can be designed at 
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various locations along the nucleotide sequence. By treat 
ment of cells or whole test animals with such antisense 
sequences, the gene of interest can effectively be turned off. 
Frequently, the function of the gene can be ascertained by 
observing behavior at the cellular, tissue or organismallevel 
(e.g. lethality, loss of differentiated function, changes in 
morphology, etc.). 

In addition to using sequences constructed to interrupt 
transcription of the open reading frame, modifications of 
gene expression can be obtained by designing antisense 
sequences to intron regions, promoter/enhancer elements, or 
even to trans-acting regulatory genes. Similarly, inhibition 
can be achieved using Hogeboom base-pairing 
methodology, also known as "triple helix” base pairing. 
VII Expression of RCP 

Expression of rcp may be accomplished by subcloning the 
cDNAs into appropriate expression vectors and transfecting 
the vectors into appropriate expression hosts. In this par 
ticular case, the cloning vector previously used for the 
generation of the tissue library also provide for direct 
expression of the included rcp sequence in E. coli. Upstream 
of the cloning site, this vector contains a promoter for 
B-galactosidase, followed by sequence containing the 
amino-terminal Met and the subsequent 7 residues of 
B-galactosidase. Immediately following these eight residues 
is an engineered bacteriophage promoter useful for artificial 
priming and transcription and a number of unique restriction 
sites, including EcoRI, for cloning. 

Induction of the isolated, transfected bacterial strain with 
IPTG using standard methods will produce a fusion protein 
corresponding to the first seven residues of 3-galactosidase, 
about 15 residues of “linker", and the peptide encoded 
within the cDNA. Since cDNA clone inserts are generated 
by an essentially random process, there is one chance in 
three that the included cDNA will lie in the correct frame for 
proper translation. If the cDNA is not in the proper reading 
frame, it can be obtained by deletion or insertion of the 
appropriate number of bases by well known methods includ 
ing in vitro mutagenesis, digestion with exonuclease III or 
mung bean nuclease, or oligonucleotide linker inclusion. 
The rcp cDNA can be shuttled into other vectors known 

to be useful for expression of protein in specific hosts. 
Oligonucleotide amplimers containing cloning sites as well 
as a segment of DNA sufficient to hybridize to stretches at 
both ends of the target cDNA (25 bases) can be synthesized 
chemically by standard methods. These primers can then 
used to amplify the desired gene segments by PCR. The 
resulting new gene segments can be digested with appro 
priate restriction enzymes under standard conditions and 
isolated by gel electrophoresis. Alternately, similar gene 
segments can be produced by digestion of the cDNA with 
appropriate restriction enzymes and filling in the missing 
gene segments with chemically synthesized oligonucle 
otides. Segments of the coding sequence from more than one 
gene can be ligated together and cloned in appropriate 
vectors to optimize expression of recombinant sequence. 

Suitable expression hosts for such chimeric molecules 
include but are not limited to mammalian cells such as 
Chinese Hamster Ovary (CHO) and human 293 cells, insect 
cells such as Sf9 cells, yeast cells such as Saccharomyces 
cerevisiae, and bacteria such as E. coli. For each of these cell 
systems, a useful expression vector may also include an 
origin of replication to allow propagation in bacteria and a 
selectable marker such as the B-lactamase antibiotic resis 
tance gene to allow selection in bacteria. In addition, the 
vectors may include a second selectable marker such as the 
neomycin phosphotransferase gene to allow selection in 
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12 
transfected eukaryotic host cells. Vectors for use in eukary 
otic expression hosts may require RNA processing elements 
such as 3' polyadenylation sequences if such are not part of 
the cDNA of interest. 

Additionally, the vector may contain promoters or 
enhancers which increase gene expression. Such promoters 
are host specific and include MMTV, SV40, or metallothion 
ine promoters for CHO cells; trp, lac, tacorT7 promoters for 
bacterial hosts, or alpha factor, alcohol oxidase or PGH 
promoters for yeast. Transcription enhancers, such as the 
rous sarcoma virus (RSV) enhancer, may be used in mam 
malian host cells. Once homogeneous cultures of recombi 
nant cells are obtained through standard culture methods, 
large quantities of recombinantly produced RCP can be 
recovered from the conditioned medium and analyzed using 
chromatographic methods known in the art. 
VIIIsolation of Recombinant RCP 
RCP may be expressed as a chimeric protein with one or 

more additional polypeptide domains added to facilitate 
protein purification. Such purification facilitating domains 
include, but are not limited to, metal chelating peptides such 
as histidine-tryptophan modules that allow purification on 
immobilized metals, protein A domains that allow purifica 
tion on immobilized immunoglobulin, and the domain uti 
lized in the FLAGS extension/affinity purification system 
(Immunex Corp., Seattle Wash.). The inclusion of a cleav 
able linker sequence such as Factor XA or enterokinase 
(Invitrogen, San Diego Calif.) between the purification 
domain and the rcp sequence may be useful to facilitate 
expression of RCP. 
DX Production of RCP Specific Antibodies 
Two approaches are utilized to raise antibodies to RCP, 

and each approach is useful for generating either polyclonal 
or monoclonal antibodies. In one approach, denatured pro 
tein from the reverse phase HPLC separation is obtained in 
quantities up to 75 mg. This denatured protein can be used 
to immunize mice or rabbits using standard protocols; about 
100 micrograms are adequate for immunization of a mouse, 
while up to 1 mg might be used to immunize a rabbit. For 
identifying mouse hybridomas, the denatured protein can be 
radioiodinated and used to screen potential murine B-cell 
hybridomas for those which produce antibody. This proce 
dure requires only small quantities of protein, such that 20 
mg would be sufficient for labeling and screening of several 
thousand clones. 

In the second approach, the amino acid sequence of RCP, 
as deduced from translation of the cDNA, is analyzed to 
determine regions of high immunogenicity. Oligopeptides 
comprising appropriate hydrophilic regions, as shown in 
FIG. 3, are synthesized and used in suitable immunization 
protocols to raise antibodies. Analysis to select appropriate 
epitopes is described by Ausubel FM et al (supra). The 
optimal amino acid sequences for immunization are usually 
at the C-terminus, the N-terminus and those intervening, 
hydrophilic regions of the polypeptide which are likely to be 
exposed to the external environment when the protein is in 
its natural conformation. 

Typically, selected peptides, about 15 residues in length, 
are synthesized using an Applied Biosystems Peptide Syn 
thesizer Model 431A using frnoc-chemistry and coupled to 
keyhole limpet hemocyanin (KLH, Sigma) by reaction with 
M-maleimidobenzoyl-N-hydroxysuccinimide ester (MBS; 
cf. Ausubel FMetal, Supra). If necessary, a cysteine may be 
introduced at the N-terminus of the peptide to permit cou 
pling to KLH. Rabbits are immunized with the peptide-KLH 
complex in complete Freund's adjuvant. The resulting anti 
sera are tested for antipeptide activity by binding the peptide 
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to plastic, blocking with 1% BSA, reacting with antisera, 
washing and reacting with labeled (radioactive or 
fluorescent), affinity purified, specific goat anti-rabbit IgG. 

Hybridomas may also be prepared and screened using 
standard techniques. Hybridomas of interest are detected by 
screening with labeled RCP to identify those fusions pro 
ducing the monoclonal antibody with the desired specificity. 
In a typical protocol, wells of plates (FAST: Becton 
Dickinson, Palo Alto, Calif.) are coated with affinity 
purified, specific rabbit-anti-mouse (or suitable anti-species 
Ig) antibodies at 10 mg/ml. The coated wells are blocked 
with 1% BSA, washed and exposed to supernatants from 
hybridomas. After incubation the wells are exposed to 
labeled RCP, 1 mg/ml. Clones producing antibodies will 
bind a quantity of labeled RCP which is detectable above 
background. Such clones are expanded and subjected to 2 
cycles of cloning at limiting dilution (1 cell/3 wells). Cloned 
hybridomas are injected into pristine mice to produce 
ascites, and monoclonal antibody is purified from mouse 
asciitic fluid by affinity chromatography on Protein A. Mono 
clonal antibodies with affinities of at least 10e8 Me-1, 
preferably 10e9 to 10e10 or stronger, will typically be made 
by standard procedures as described in Harlow and Lane 
(1988) Antibodies: A Laboratory Manual. Cold Spring Har 
bor Laboratory, Cold Spring Harbor N.Y.; and in Goding 
(1986) Monoclonal Antibodies: Principles and Practice, 
Academic Press, New York City, both incorporated herein 
by reference. 
X Diagnostic Test Using RCP Specific Antibodies 

Particular RCP antibodies are useful for the diagnosis of 
prepathologic conditions, and chronic or acute diseases 
which are characterized by differences in the amount or 
distribution of RCP. To date, RCP has only been found in the 
THP-1 library and is thus specific for abnormalities or 
pathologies which activate monocytes. 

Diagnostic tests for RCP include methods utilizing the 
antibody and a label to detect RCP in human body fluids, 
tissues or extracts of such tissues. The polypeptides and 
antibodies of the present invention may be used with or 
without modification. Frequently, the polypeptides and anti 
bodies will be labeled by joining them, either covalently or 
noncovalently, with a substance which provides for a detect 
able signal. A wide variety of labels and conjugation tech 
niques are known and have been reported extensively in 
both the scientific and patent literature. Suitable labels 
include radionuclides, enzymes, substrates, cofactors, 
inhibitors, fluorescent agents, chemiluminescent agents, 
magnetic particles and the like. Patents teaching the use of 
such labels include U.S. Pat. Nos. 3,817,837; 3,850,752; 
3,939,350; 3,996.345; 4.277.437; 4,275,149; and 4,366,241. 
Also, recombinant immunoglobulins may be produced as 
shown in U.S. Pat. No. 4,816,567, incorporated herein by 
reference. 
A variety of protocols for measuring soluble or 

membrane-bound RCP, using either polyclonal or mono 
clonal antibodies specific for the respective protein are 
known in the art. Examples include enzyme-linked immu 
nosorbent assay (ELISA), radioimmunoassay (RIA) and 
fluorescent activated cell sorting (FACS). A two-site 
monoclonal-based immunoassay utilizing monoclonal anti 
bodies reactive to two non-interfering epitopes on RCP is 
preferred, but a competitive binding assay may be 
employed. These assays are described, among other places, 
in Maddox, D. E. et al (1983, J Exp Med 158:1211). 
XI Purification of Native RCPUsing Specific Antibodies 

Native or recombinant RCP can be purified by immu 
noaffinity chromatography using antibodies specific for 
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14 
RCP. In general, an immunoaffinity column is constructed 
by covalently coupling the anti-RCP antibody to an activated 
chromatographic resin. 

Polyclonal immunoglobulins are prepared from immune 
sera either by precipitation with ammonium sulfate or by 
purification on immobilized Protein A (Pharmacia LKB 
Biotechnology, Piscataway, N.J.). Likewise, monoclonal 
antibodies are prepared from mouse ascites fluid by ammo 
nium sulfate precipitation or chromatography on immobi 
lized Protein A. Partially purified immunoglobulin is 
covalently attached to a chromatographic resin such as 
CnBr-activated Sepharose (Pharmacia LKB 
Biotechnology). The antibody is coupled to the resin, the 
resin is blocked, and the derivative resin is washed accord 
ing to the manufacturer's instructions. 

Such immunoaffinity columns are utilized in the purifi 
cation of RCP by preparing a fraction from cells containing 
RCP in a soluble form. This preparation is derived by 
solubilization of the whole cell or of a subcellular fraction 
obtained via differential centrifugation by the addition of 
detergent or by other methods well known in the art. 
Alternatively, soluble RCP containing a signal sequence 
may be secreted in useful quantity into the medium in which 
the cells are grown. 
A soluble RCP-containing preparation is passed over the 

immunoaffinity column, and the column is washed under 
conditions that allow the preferential absorbance of cathe 
psin C (eg, high ionic strength buffers in the presence of 
detergent). Then, the column is eluted under conditions that 
disrupt antibody/RCP binding (e.g., a buffer of pH 2-3 or a 
high concentration of a chaotrope such as urea or thiocyan 
ate ion), and RCP is collected. 
XIIRCP Activity 
The activity of purified or expressed RCP may be tested 

by mixing a known quantity of the enzyme with a matrix 
material such as collagen in a biologically acceptable 
medium and allowing RCP to digest the collagen for a 
period of time. A zymogram, which consists of a nondena 
turing polyacrylamide gel soaked in collagen onto which 
various concentrations, preferably between 10 and 100 
ng/ul, of RCP are spotted, may be used to demonstrate RCP 
activity. Staining the gel for protein after digestion will 
demonstrate those spots in which the concentration of col 
lagen has been reduced (lighter stain) or completely cleared 
(cf Paech et al. (1993) Anal Biochem 208:249-54). 
XIII Drug Screening 

This invention is particularly useful for screening com 
pounds by using RCP polypeptide or binding fragments 
thereof in any of a variety of drug screening techniques. The 
RCP polypeptide or fragment employed in such a test may 
either be free in solution, affixed to a solid support, borne on 
a cell surface or located intracellularly. One method of drug 
screening utilizes eukaryotic or prokaryotic host cells which 
are stably transformed with recombinant nucleic acids 
expressing the polypeptide or fragment. Drugs are screened 
against such transformed cells in competitive binding 
assays. Such cells, eitherin viable or fixed form, can be used 
for standard binding assays. One may measure, for example, 
the formation of complexes between RCP and the agent 
being tested. Alternatively, one can examine the diminution 
in complex formation between RCP and its target cell, 
monocyte, etc. caused by the agent being tested. 
Thus, the present invention provides methods of screen 

ing for drugs or any other agents which can affect inflam 
mation and disease. These methods comprise contacting 
such an agent with a RCP polypeptide or fragment thereof 
and assaying (i) for the presence of a complex between the 
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agent and the RCP polypeptide or fragment, or (ii) for the 
presence of a complex between the RCP polypeptide or 
fragment and the cell, by methods well known in the art. In 
such competitive binding assays, the RCP polypeptide or 
fragment is typically labeled. After suitable incubation, free 
RCP polypeptide or fragment is separated from that present 
in bound form, and the amount of free or uncomplexed label 
is a measure of the ability of the particular agent to bind to 
RCP or to interfere with the RCP and agent complex. 
Another technique for drug screening provides high 

throughput screening for compounds having suitable bind 
ing affinity to the RCP polypeptide and is described in detail 
in European Patent Application 84/03564, published on Sep. 
13, 1984, incorporated herein by reference. Briefly stated, 
large numbers of different small peptide test compounds are 
synthesized on a solid substrate, such as plastic pins or some 
other surface. The peptide test compounds are reacted with 
RCP polypeptide and washed. Bound RCP polypeptide is 
then detected by methods well known in the art. Purified 
RCP can also be coated directly onto plates for use in the 
aforementioned drug screening techniques. In addition, non 
neutralizing antibodies can be used to capture the peptide 
and immobilize it on the solid support. 

This invention also contemplates the use of competitive 
drug screening assays in which neutralizing antibodies 
capable of binding RCP specifically compete with a test 
compound for binding to RCP polypeptides or fragments 
thereof. In this manner, the antibodies can be used to detect 
the presence of any peptide which shares one or more 
antigenic determinants with RCP 
XIV Rational Drug Design 
The goal of rational drug design is to produce structural 

analogs of biologically active polypeptides of interest or of 
small molecules with which they interact, e.g., agonists, 
antagonists, or inhibitors. Any of these examples can be used 
to fashion drugs which are more active or stable forms of the 
polypeptide or which enhance or interfere with the function 
of a polypeptide in vivo (cf Hodgson, J. (1991) Bio/ 
Technology 9:19-21, incorporated herein by reference). 

In one approach, the three-dimensional structure of a 
protein of interest, or of a protein-inhibitor complex, is 
determined by X-ray crystallography, by computer modeling 
or, most typically, by a combination of the two approaches. 
Both the shape and charges of the polypeptide must be 
ascertained to elucidate the structure and to determine active 
site(s) of the molecule. Less often, useful information 
regarding the structure of a polypeptide may be gained by 
modeling based on the structure of homologous proteins. In 
both cases, relevant structural information is used to design 
analogous cathepsin C-like molecules or to identify efficient 
inhibitors. Useful examples of rational drug design may 
include molecules which have improved activity or stability 
as shown by Braxton, S. and Wells, J.A. (1992 Biochemistry 
31:7796-7801) or which act as inhibitors, agonists, or 
antagonists of native peptides as shown by Athauda, S.B. et 
all (1993 J Biochem 113:742-746), incorporated herein by 
reference. 

It is also possible to isolate a target-specific antibody, 
selected by functional assay, as described above, and then to 
solve its crystal structure. This approach, in principle, yields 
a pharmacore upon which subsequent drug design can be 
based. It is possible to bypass protein crystallography alto 
gether by generating anti-idiotypic antibodies (anti-ids) to a 
functional, pharmacologically active antibody. As a mirror 
image of a mirror image, the binding site of the anti-ids 
would be expected to be an analog of the original receptor. 
The anti-id could then be used to identify and isolate 
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16 
peptides from banks of chemically or biologically produced 
peptides. The isolated peptides would then act as the phar 
aCOc. 

By virtue of the present invention, sufficient amount of 
polypeptide may be made available to perform such ana 
lytical studies as X-ray crystallography. In addition, knowl 
edge of the RCP amino acid sequence provided herein will 
provide guidance to those employing computer modeling 
techniques in place of or in addition to X-ray crystallography. 
XV Use and Administration of RCP 

Antibodies, inhibitors, or antagonists of RCP (or other 
treatments for excessive RCP production, hereinafter abbre 
viated TEC), can provide different effects when adminis 
tered therapeutically. TECs will beformulated in a nontoxic, 
inert, pharmaceutically acceptable aqueous carrier medium 
preferably at a pH of about 5 to 8, more preferably 6 to 8, 
although the pH may vary according to the characteristics of 
the antibody, inhibitor, or antagonist being formulated and 
the condition to be treated. Characteristics of TEC include 
solubility of the molecule, half-life and antigenicity/ 
immuno-genicity; these and other characteristics may aid in 
defining an effective carrier. Native human proteins are 
preferred as TECs, but organic or synthetic molecules result 
ing from drug screens may be equally effective in particular 
situations. 
TECs may be delivered by known routes of administra 

tion including but not limited to topical creams and gels; 
transmucosal spray and aerosol, transdermal patch and ban 
dage; injectable, intravenous and lavage formulations; and 
orally administered liquids and pills, particularly formulated 
to resist stomach acid and enzymes. The particular 
formulation, exact dosage, and route of administration will 
be determined by the attending physician and will vary 
according to each specific situation. 
Such determinations are made by considering multiple 

variables such as the condition to be treated, the TEC to be 
administered, and the pharmacokinetic profile of the par 
ticular TEC. Additional factors which may be taken into 
account include disease state (e.g. severity) of the patient, 
age, weight, gender, diet, time of administration, drug 
combination, reaction sensitivities, and tolerance/response 
to therapy. Long acting TEC formulations might be admin 
istered every 3 to 4 days, every week, or once every two 
weeks depending on half-life and clearance rate of the 
particular TEC. 
Normal dosage amounts may vary from 0.1 to 100,000 

micrograms, up to a total dose of about 1 g, depending upon 
the route of administration. Guidance as to particular dos 
ages and methods of delivery is provided in the literature; 
see U.S. Pat. No. 4,657.760; 5.206,344; or 5.225,212. It is 
anticipated that different formulations will be effective for 
differentTECs and that administration targeting the eosino 
phil may necessitate delivery in a manner different from that 
to another organ or tissue. 

It is contemplated that conditions or diseases of the 
eosinophil which activate monocytes, macrophages, 
basophils, eosinophils or other leukocytes may precipitate 
damage that is treatable with TECs. Monocyte/macrophage 
disorders may be specifically diagnosed by the tests dis 
cussed above, and such testing should be performed in 
suspected cases of arteriosclerosis, leukemia, systemic lupus 
erythematosus, osteoporosis, rheumatoid arthritis, toxic 
shock syndrome and similar physiologic/pathologic prob 
lems. 

All publications and patents mentioned in the above 
specification are hereinincorporated by reference. The fore 
going written specification is considered to be sufficient to 
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enable one skilled in the art to practice the invention. Indeed, 
various modifications of the above described modes for 

18 
those skilled in the field of molecular biology or related 
fields are intended to be within the scope of the following 

carrying out the invention which are readily apparent to claims. 

SEQUENCE LISTING 

( . ) GENERAL INFORMATION: 

( i i i ) NUMBER OF SEQUENCES: 2 

(2) INFORMATION FOR SEQID NO:1: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 1389 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i ) MOLECULETYPE: cDNA 

( v i i ). IMMEDIATE SOURCE: 
( A LIBRARY: THP-1 
(B) CLONE: 14284 

( xi ) SEQUENCE DESCRIPTION: SEQID No:1: 

ATGG G T G CTG G GCC CT CCTT G. CTG C T C GCC GCC CTC CTG C T G CTT CTCTC CGG CGA CGGC 60 

GCC G T G CGCT G CGA CACA C C T G CCAA CTG C A C CTAT CTT G A C C T G CTG G G CAC CTGG GT C 2 0 

TT C CAG G T G G G C T C CAG C G G TT C C CAG C GC GAT G T CAA CT G C T C G GT TAT G. G. GACCA CAA 1 8 0 

GAAAAAAAAG TAG T G G T G T A CCTT CA GAA G CTG GATACA G CATA T GATGA, CCTT G G CAAT 2 4 0 

T C T G GC CAT T CAC CAT CAT TTACAA C CAA. G. G. CTTGAGA TT G T G TT GAA T G ACTA CAAG 3 O 0 

TGGTTT G. C. CT TTTTTAAGTA TAAA GAA GAG G G CAG CAAG G T GACCA CTTA CT G CAA CGAG 3 6 O 

A CAATGA CTG G G T G G G T G CA T GAT G T G T T G G GCC G GAACT GGG C T G TTT CAC C G GAA AG 4 20 

AAG G T G G GAA CTG CCT CT GA GAA T G T G TAT GT CAA CACA G CA CAC CTTAA GAATTCT CAG 48 0 

GAAAA GTATT CTAAT AG G CT CTACA AG TAT GAT CACAA CT TT G T GAAA GC TAT CAAT GCC 54 0 

ATTCA GAA GT CTTG GACT GC AACTA CATAC AT G GAA TEAT G. AGA CT CTTAC C C T G G GAGAT 60 0 

A T GATTAGGA GAA G T G G T G G CCA CA GT CGA AAAA. T C C CAA. G. G. C C CAAA C C T G CACC ACT G 6 60 

ACT G CT GAAA TACA G CAAAA GATTTT G CAT TT G CCAA CAT CTTGG GACT G GAGAAA T G TT 7 20 

CAT G GTATCA ATTTT GT CAG T C C T G TT CGA AA C CAAG CAT C C T G T G G CAG C T G CTA CT CA 7 8 O 

TTT G. CT CA. T G G G T A T G CT AGAA GC GAGA ATCC GTATAC TAA CCAA CAA TT C CAG ACC 8 4 0 

C CAA T C CTA A G C C CT CA G GA. GGTT G T G T C T T G TAG CCA GT A T G CT CAAG G CT G T GAAG GC 9 0 0 

G. G. CTT C C CAT AC CTTATTG. C. A. G. GAAA GTAC GCC CAAG AT TE G. G. G. CTG G T G GAA GAA G C. 9 6 O 

TG CTT C C C C T ACA CAG GCAC T GATT CTCCA T G CAAAATGA AG GAAG ACT G CTT FC GT TAT 0 20 

TACT C C T C T G A GTAC CA CTA T G TAG GAG GT TT CTA T G GAG G CTG CAATGA A G C C CT GATG 1 0 80 

AAG CTTGA GT T G GT C CAT CA T G G GCC CAT G G CA GT T G CTT TT GAA GTATA T GAT GAC TTC 1 1 4 0 

C T C CA CTA CA. AAAAG G G GAT CTAC CAC CAC ACT G GT CTA A GAGA C C CTTT caa.cccc TTT 1, 200 

GAG CTGACTA AT CAT GCT G T TCT G CTT G T G G G CTATGG CA CT GACT CAG C C T CTGG GATG 12 60 

GATTACT G GA TT G T TAAAAA CAG CTGG GGC A C C G G CTGG G G T G A GAA T G G CTACT C C G G 1. 32 0 

A T C C GCA GAG GAA CT GAT GA G T G T G CAATT GAGA G CATA G CA. GTG G CAGC CA CAC CAATT 1. 38 0 

CCTA AATG 1. 3 89 

(2) INFORMATION FOR SEQID NO:2: 
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20 
-continued 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 463 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii i MOLECULETYPE: protein 

( x i ) SEQUENCE DESCRIPTION: SEQID NO2: 

Me t G 1 y A la G y Pro Ser L. eu Le u L. eu A a A 1 a L. eu L. eu Le u L. eu L. eu 
5 1 O 5 

Ser G 1 y A s p G y A 1 a V a A rig Cy s A s p Thr Pro A 1 a. As n Cys Thr Ty r 
20 25 3 O 

Le u A s p Le u Le u G 1 y Thr Trip V a 1 P he G 1 in V a G y Ser Ser G 1 y Ser 
35 4 0. 45 

G 1 in A rig A s p V a 1. As in Cys Ser Wal Me t G 1 y Pro G in G 1 u Lys Lys V a 
5 O. 55 6 0 

Wa 1 v a 1 Ty r Le u G n Lys Le u A s p Thr Al a Ty r A s p A s p L. eu G 1 y As in 
65 T 0 75 8 0 

Ser G 1 y H is Phe Thr I 1 e I le Tyr As n G 1 a G y P he G 1 u I le V a 1 Le u 
85 9 0 95 

As in A s p Ty r Lys Trip Ph e A i a Phe P he Lys Ty I L y s G 1 u G 1 u G 1 y Ser 
1 00 O 5 1 1 0 

Lys V a 1 T hr Thr Ty r Cy s As in G 1 u Thr Me t Thr G 1 y r p V a H is A sp 
15 1 20 25 

Wa 1 Le u G y Arg As n T. r. p. A a Cys Phe Thr G 1 y Lys Lys V a 1 G1 y Thr 
13 O 1 35 1 4 0 

A 1 a Ser G u As in Wa 1 y r V a 1. As in Th r A 1 a His Le u Lys As n Ser G n. 
45 15 O 155 1 6 O 

G i u Lys Ty r S e r A s in Arg L. eu Tyr Lys Ty r A s p H is As n Phe Wa Lys 
65 1 7 O 1 75 

A 1 a. I e As in A a I le G 1 in Lys Ser r p Thr A 1 a Thr Thr Tyr Met G 1 u 
1 80 85 9 O 

Tyr G 1 u Thir Le u Thir Le u G 1 y A s p Me t I le Arg Arg Ser G 1 y Gil y H is 
1 95 2 O 0 2 05 

Ser Arg Lys I 1 e Pro Arg Pro Lys Pro A 1 a Pro Le u Thr A a G 1 u I 1 e 
2 1 0. 2 5 22 O 

G 1 in G 1 in Lys E 1 e Le u H is Le u Pro Th r S e r Trip A s p Trip A rig As in Wa 1 
2, 25 2 3 235 2 4 0 

H is G 1 y I 1 e A s in Ph e V a Ser Pro V a 1. A rig As n G 1 in A 1 a Ser Cy s G 1 y 
2 4 5 25 O 255 

Ser Cys Ty r S e r Ph e A a Ser Me t G 1 y Me t Le u Gi i u A 1 a. A rig I e Arg 
2 60 2 65 27 0 

I e Le u Thir As in As in Ser G 1 in Thr Pro e L. eu Se r Pro G 1 in G 1 u Wa 1 
275 28 0 2 85 

Va. 1 Ser Cys Ser G 1 in Ty r A 1 a G 1 in G y Cy s G 1 u G 1 y G 1 y Phe Pro Ty r 
29 O 295 3 00 

Le u I e A a G 1 y Lys Ty r A 1 a G 1 in A s p P he 1 y Le u Wa 1 G1 u G 1 u A 1 a 
3 O 5 3 1. O 3 15 3 20 

Cy is Phe Pro Ty r Thr G 1 y Thr Asp Ser Pro Cy s Ly is Me t Lys G 1 u As p 
3 25 3 3 0. 3. 35 

Cy s Phe Arg Tyr Ty r S er Ser G 1 u Tyr H is Ty r V a 1 G y Gil y Phe Ty r 
34 0 3 4 5 35 0 

G 1 y G 1 y Cys As in G 1 u A 1 a Le u Me t Lys Le u G i u L. eu Val His His G 1 y 
355 3 6 O 3 65 

Pro Me t A 1 a V a l A 1 a P he G 1 u V a 1 Ty r A s p A s p P he Le u H is Ty r Lys 
3 0 3 75 3 80 
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-continued 

Ly is G 1 y I le Tyr H is H is Thr G 1 y L. eu A rig A s p Pro Phe As n Pro P he 
3 85 390 395 40 0 

G 1 u Le u Thr As n H is A 1 a V a 1 Le u Le u V a 1 G1 y Tyr G 1 y Thr Asp Ser 
4 O 5 4 10 4 15 

A 1 a Ser G 1 y Me t . A s p Tyr T r p I 1 e V a 1 Lys As n Ser T rp G l y Thr G 1 y 
4 20 42 5 4, 30 

Tr p G 1 y G 1 u As in G 1 y Tyr Phe Arg e Arg Arg G 1 y Thr A s p G 1 u Cys 
435 4 4 0 4 45 

A 1 a 1 e G 1 u Se r I 1 e Ala Wa 1. A la Al a Thr Pro I 1 e Pro Lys L. eu 
45 0 455 4 6 O 

We claim: 5. A method for detecting polynucleotides encoding 
1. An isolated and purified polynucleotide comprising a human cathepsin C in a biological sample comprising the 

polynucleotide sequence encoding the polypeptide compris- steps: 
ing the sequence as shown in SEQID NO:2. 20 a) hybridizing apolynucleotide consisting of SEQ ID NO: 

2. An isolated and purified polynucleotide of claim 1 R se t E. of a big ample, O p ereby forming a hybri on complex; an 
Sin the polynucleotide sequence comprises SEQ ID b) detecting said hybridization complex wherein the pres 

1. e ence or absence of said complex correlates with the 
3. An expression vector comprising the polynucleotide of presence or absence of a polynucleotide encoding 

claim 1. 25 human cathepsin C in a biological sample. 
4. A host cell transformed with the expression vector of 

claim 3. ck k cle : : 


